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What to do after Higgs

A. BUILD MODELS TO SOLVE OLD PROBLEMS, I.E., 
STRONG CP, BARYOGENESIS, DARK MATTER, CC 

B. AMBULANCE CHASE 

C. BOUND MODELS WITH DATA [NEW AND OLD] 

D. DEFINE AND MOTIVATE NEW OBSERVABLES 
A. BLEEDING EDGE DISCOVERY POTENTIAL 

B. WE GET TO TALK TO EXPERIMENTALISTS
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Naturalness

The ttH Coupling

?
Top Yukawa is unity and tth 
measurements can be made.

CMS Higgs 13-020

σ NP(pp→ tth)
σ SM (pp→ tth)

= µtth < 6.6(2σ )



We can parameterize UV physics with up to 
Dimension 6 couplings to the Higgs boson.
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Restrict attention to strongly-coupled and top quark 
operators. LHC is, after all, a hadron machine.



Only two operators contribute to tth at 
leading order in the strong coupling, and 

have a different momentum (Lorentz) 
structure than the Standard Model.



Different kinematic dependence, for 
example there is a new gluon s-channel. 
The SM process has an amplitude with an 
off-shell top, so it goes as ~1/P(top).

SM ……………vs.………….Chromomagnetic dipole
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Bounds on Dim-6 tth Kinematic Operators

cHG

chgt

 tth Production
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LHC tth to same sign dilepton

CMS search for pp ➔tth in the isolated same sign 
dilepton channel 
• Cut on isolated same charge dileptons 
• Require ~20 GeV missing transverse energy 
• Require 4 jets, with 2 Light Working Point CSV b-tags 

or 1 Medium Working Point CSV b-tag
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The distribution of tops and Higgs in the 
detector shift for boosted Higgs events.
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A typical event with 
Standard Model couplings.
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A typical event with NP 
boosted dim-6 couplings.
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Typically we think about the following simple 
kinematic variables: mT,mT2. 
!

mT=[2ET1ET2(1-cosφ)]1/2
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Typically we think about the following simple 
kinematic variables: mT,mT2. 
!

mT=[2ET1ET2(1-cosφ)]1/2 
!

mT2 
!

mT,(stupid)
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Missing transverse 
energy (MET) is energy 
lost in the detector, 
mostly to neutrinos.

ν

ν

lep+

lep+

Same charge 
dileptons.

b b

B-tagged jet(s) 
(Medium, or 2 
Light b-tags).

To find new physics in the kinematic effective field 
theory, define new collider observables using the 
angles between collider objects.  
In pp➔tth➔same sign dilepton, these will be angles 
between three objects.
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tt

lep+

lep+

Same charge 
dileptons.



tt j
ttW
chgt=-0.5, cHG=0.055
SM tt h + bkgds

14 TeV
100 fb-1

Precuts

0 100 200 300 400 500
0

50

100

150

200

250

300

Sum of Lepton pT

Ev
en

tsê50
G

eV



h

tt

ν

νb b

MET

Missing transverse 
energy (MET) is energy 
lost in the detector, 
mostly to neutrinos.

B-tagged jet(s) 
(Medium, or 2 
Light b-tags).



tt j
ttW
chgt=-0.5, cHG=0.055
SM tt h + bkgds

14 TeV, 100 fb-1

MET >100 GeV
Lpt  >150 GeV
Bf >200 GeV
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tt

ν

lep+

lep+

MET

Missing transverse 
energy (MET) is energy 
lost in the detector, 
mostly to neutrinos.

Same charge 
dileptons.



Can be combined with cut on sum over lepton pt.

tt j
ttW
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SM tt h + bkgds

14 TeV, 100 fb-1
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tt j
ttW
chgt=-0.5, cHG=0.055
SM tt h + bkgds

14 TeV
100 fb-1

Precuts
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0

50

100

150

Sum of Lepton pT¥DfMET-lepton HLfL

Ev
en

tsê50
G

eV
Good at backgrounds cuts for SM tth searches 
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Kinematic Reach for 14 TeV LHC



IN ORDER TO WRING THE 8-14 TEV LHC 
DRY OF TOP YUKAWA PHYSICS, 
 ONE VIABLE APPROACH IS KINEMATIC 
EFT AND ANGULAR VARIABLES!

Conclusions part one:



This statement was only a hope.



Until BICEP2 (maybe!) It is incredible 
we (could have!) found r! (or could find 

it at SPIDER, POLARBEAR, KECK, the 
BICEP2/Planck joint collaboration 

announced yesterday!)
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In upcoming clarifications of BICEP2, even a small r 
value would imply access to Planck scale symmetries.

1405.7563 Bramante, 
Downes, Lehman, Martin

Planck fat vs. Planck flat.

Field range bound with ns.
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Emergency procedure for particle 
theorists:  
In Case of BICEP2(II), Break out 
Burgess, Patil, Trott [1402.1476].

One extra Higgs term.

Planck flat for ξh2 >>MP.

STEP 3



Emergency procedure for particle 
theorists:  
In Case of BICEP2(II), Break out 
Burgess, Patil, Trott [1402.1476].

λ RG Flow from 
Dim-6 EFT terms.

STEP 4







Dead………………………Alive
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1016 GeV

105 GeV

IN ORDER TO WRING THE 8-14 TEV LHC 
DRY OF TOP YUKAWA PHYSICS — 
 ONE VIABLE APPROACH IS KINEMATIC 
EFT AND ANGULAR VARIABLES!

Conclusions part two:

IN THE BICEP2 ERA (REALLY THE ERA OF 
TENSOR MODES), CONSIDER APPLYING 
PARTICLE THEORY METHODS IN THE IR 
TO INFLATION SIGNALS IN THE UV.



Difficult to see boosted top-Higgs in digamma

14 TeV
100 fb-1

SM
chgt = -0.5, cHG = 0.055
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